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位密切相关。本课题探讨了胰岛素通过 TR3 介导保护 PKM2 蛋白免于泛素化降
解并促进肝癌细胞增殖的功能与机制。 
首先，我们用慢病毒感染 HepG2 细胞以抑制其内源性 PKM2 的表达，将野
生型及 si-PKM2的HepG2细胞分别用胰岛素刺激后，进行CCK8细胞活性检测、
Edu 免疫共聚焦、平板集落及裸鼠皮下移植瘤实验，验证 PKM2 介导了胰岛素
在体内外水平对肝癌细胞增殖的促进作用；其次，肝癌细胞 HepG2 进行胰岛素
刺激处理后检测 PKM2 的基因及蛋白表达，同时还应用蛋白合成抑制剂 CHX
及蛋白酶体抑制剂 MG132 证实胰岛素通过保护 PKM2 不被泛素化降解而促进
其蛋白累积；再次，应用抑制内源 TR3 表达的 si-TR3 细胞株，我们用免疫印迹
实验验证了 TR3 在胰岛素抑制 PKM2 蛋白泛素化降解过程中的介导作用，进一
步应用免疫共沉淀及荧光共聚焦检测证实 TR3 是 PKM2 的结合蛋白，能够通过
其 DNA 结合区（DBD）和配体结合区（LBD）与 PKM2 相互结合；最后，应
用核浆组分分离、荧光共聚焦等实验证实胰岛素可以促进 TR3 磷酸化出核，并
由此增强 TR3 与 PKM2 的结合。 












































































Epidemiological data show that insulin can increase the risk of certain types of 
cancer.Insulin,as a growth factor, can affect the occurrence of tumor by promoting 
cell division, increasing the number of normal cells and tumor cells.However, the 
specific mechanism of insulin on the regulation of tumor cell proliferation is not yet 
clear.  PKM2 ,a rate limiting enzyme in the process of glycolysis, is highly 
expressed in tumor .Many findings show that PKM2 act as a transcription factor .It 
can regulate the proliferation, migration and invasion of tumor cells, playing an 
important role in tumors formation and development. Nuclear orphan receptor 
TR3 ,which is encoded by NR4A1 gene, can be involved in cell growth, autophagy, 
proliferation, apoptosis and differentiation through gene transcription and protein 
interaction.Our study intends to explore the specific mechanisms of insulin on the 
proliferation of tumor cells and the role of PKM2 and TR3 in this process.Then, we 
use immunoblotting experiments to verify that insulin promotes PKM2 protein 
accumulation, inhibits its degradation through nuclear orphan receptor TR3 mediated 
pathway .Insulin can also enhance the binding of PKM2 and TR3 by promoting 
phosphorylation of TR3. 
In the present study, we firstly employed the lentivirus technique to silence the 
expression of endogenous PKM2 in HepG2 cells. Then we used the CCK8 assay, 
Edu assay and plate colony experiment to demonstrate that the proliferation of 
hepatocellular carcinoma cells was significantly increased with the treatment of 
insulin in vitro and vivo. We further verified that insulin can regulate the 
proliferation of hepatocellular carcinoma cells by inhibiting the degradation of 
PKM2, promoting its accumulation in cytoplasm, which was obviously decreased by 
interfering with the expression of TR3.We also confirmed that TR3 can interact with 
PKM2, and the binding region of TR3 was defined as its DNA binding region (DBD) 
and ligand binding region (LBD). Moreover, our data showed that Insulin can 
















In summary, we draw a conclusion that insulin can promote the proliferation of 
liver cancer cells, and PKM2 plays a crucial role in this process. Insulin can promote 
the accumulation of PKM2 in protein level, but not in transcription level. As a 
binding protein of PKM2, TR3 plays a crucial role in the process of insulin 
protecting PKM2 from degradation. The regions of TR3 binding with PKM2 are 
DBD and LBD. 
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不同于其他癌症，HCC 的致病因子较多，多种因素共同构成了 HCC 的病
因并严重影响 HCC 患者的病程进展。即使单个因素已被确定，HCC 患者仍存
在预后不良的情况。鉴于 HCC 发生发展的复杂机制，探讨 HCC 的病因和各因
素的作用机制对降低 HCC 发病率及病死率也很重要。 
1.1.2.1 肝硬化 



























全球约 70%的肝细胞癌患者可归因于乙型肝炎病毒感染( hepatitis B virus，
HBV)。 HBV 感染后，宿主细胞作为诱导剂，引起继发性染色体重排，基因的
不稳定性进而增加，可产生 Pre-C /C 突变，IRF2 突变，核心启动子及 Pre-S /S 
基因缺失等突变株。Pre-S 突变可通过上调端粒酶的反转录及诱导端粒酶活化
进而增加人 HCC 细胞株的恶性转化。Pre-C 区域中 1896G( 1896 A-to-G) 突变
可以通过提前引入终止密码子，终止乙肝病毒 e 抗原( hepatitis B e antigen，
HBeAg)的产生，而此时 HBV DNA 的合成仍在继续，这导致了肝脏损伤，进而
发展为肝硬化及 HCC。IRF2 突变则会引起 P53 信号通路的异常。调节蛋白乙
型肝炎病毒 X 基因( hepatitis B virus X gene，HBX) 也可通过抑制 p53 导致
p21Waf1 表达降低，引起停滞在 G0~G1 期的细胞减少，导致肿瘤细胞仍能继续
分裂增殖形成恶性生长[8]。基本核心启动子区域 1762T /1764A( 1762 A-to-T and 
1764 G-to-A) 双变异在HCC 高危人群中亦很常见。研究也证明伴 1762T /1764A 
双突变的 HBV 单独感染可能是 HCC 发生的高危因素[9]。 
1.1.2.2.2 丙型肝炎病毒感染 
全球约有 1.2 亿丙型肝炎病毒( hepatitis C virus，HCV) 感染者，其中 5 
0%~80%可进展为慢性感染者、肝硬化及肝癌。HCV 感染使 HCC 的危险性增
加 17 倍。HCV 相关性 HCC 几乎只存在于肝硬化患者中。与 HBV 不同，HCV
不能整合到宿主基因组中，只能通过病毒蛋白及其诱导的宿主反应等一系列间
接机制引发 HCC。HCV 核心蛋白被认为参与了细胞凋亡、信号转导、活性氧
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